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CHAPTER I 
THE PROBLEIVI AND DEFINITIONS OF TERMS USED . 
Speculations o£ the British Empiricists in the early 
1700's led to the first experimental investigation o£ the 
general problem of distance perception in the middle of the 
19th century. Since that time , many attempts have been made 
to determine the relationship between the relevant stimulus 
variabl es and distance responses . There is, however , little 
systematic research reported on the effe ct o£ some of the 
fund~~ental attributes o£ the object . For one such variable, 
photometric brightness , very little information is available 
as to its functional relationship to judgments of distance. 
It is this latter relationship that this study is primarily 
concerned . 
Graham has indicated how the psychophysical methods 
may be used to obtain stimulus- response relationships. However, 
in the area of visual discrimination one is more interested 
in the stimulus-stimulus function . This relationship specifies 
how a measurable attribute of one stimulus varies as a function 
o£ another, when the response is kept constant as a parameter. 
This study will be concerned with both types of relationships . 
Graham states that the goal of a s ci ence of behavior 
is to discover the relations in the formula(?) : 
2 
R: f (a,b,c,d, •••• n •••• t •••• x,y,z) 
The first letters (a,b,c, etc.) refer to attributes of the 
stimulus; the letters x,y and z refer to attributes of the 
organism; n, to the number of presentations; and t, to time. 
In the above equation, a psychophysical function is described 
as: 
R : f (a) 
and the other variables in the general equation are parameters. 
The present investigation was conceived in the broad 
framework suggested by Graha~. That is, this study was under-
taken to determine the psychophysical relationship between 
judgments of distance (the response) and certain specified 
stimulus variables, and can be expressed in the formula: 
R : f (b,d,n,t, and x) 
where R : frequency of distance responses; b : photometric 
brightness; d ~ physical dis t ance of the stimuli from the 
observer; n : number of sti1nulus presentations; t : time, 
which was not controlled; and x : specific instructions. 
I. TfiE PROBLEM 
It was the purpose of this study (1) to show the 
functional relationships between ratios of photometric 
brightness and judgments of distance under binocular and 
monocular conditions; and (2) to show the effect of ratios of 
photometric brightness upon judgments of distance under various 
absolute levels of photometric brightness. 
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II. DEFINITIONS OF TERMS USED 
Photometric brightness. Photometric brightness refers 
to the light source and is defined by the American Standards 
Association as follows: 
Brightness is the luminous intensity of any surface 
in a given direction per unit of projected area of the 
surface as viewed fro m that direction ••• the foot-lambert 
is a unit of brightness equal to ••• the uniform brightness 
of a perfectly diffusing surface emitting or reflectin~ 
light at the rate of one lumen per square foot ••• ( 1 ). 
The measurement of brightness is obtained by the MacBeth 
Illurninometer. Foot-lamberts are read directly from the 
calibrated rod on the instrument. The term brightness will be 
used throughout the paper to mean photometric brightness. 
Relative judged distance. Judgments of distance are 
of two types: relative and absolute. Because it is difficult 
to obtain a consistent measure of absolute distance judgments 
one relies upon relative judgments. Measurement of the latter 
is obtained by the method of comparison. An observer is 
presented with a standard stimulus object placed at a fixed 
distance and a comparison stimulus object that is varied in 
both directions from that distance. By means of appropriate 
instructions the observer is directed to say whether the 
comparison stimulus is "nearer" or "farther". 
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CHAPTER II 
REVIEW OF THE LITERATURE 
A.) Introduction 
The problem of judgments of distance is one aspec t 
of visual space perception. It iB a known fact that distance 
judgments of an object is a function of the actual distanc e of 
the object fro m the eye s . However, many investigators, who 
have studied such phenomena as thresholds, illusions and object 
constancy, have shown that distance judgments are not related 
linearly to the actual distance of objects. A great variety 
of conditions have been exp lored to demonstrate this non-linear 
relationship . 
In order to discuss the types of variables studied in 
judgments of distance, a tentative classification of the experi-
mental variables is needed. Three major categories are discernible: 
(1) attributes of the object, (2) attributes of the total field 
and (3) attributes of the organism. Experiments whi ch have dealt 
with s ome of the variables within each of these categories are 
summarized below. 
1.) Attributes of the object. Investiga tions in this 
category are concerned with manipulable characteristics of the 
stimulus-object , such as its size and· its color. Distance: the 
thread experiments by Wundt (3) substantiated the notion of Weber 
r:-
•. J 
and Fechner that the discriminatory response does not directly 
correspond to the physical stimulus dimension. Size: 
-
the size 
of the object is another attribute which has been shovm to 
influence distance judgments . Carr (4) reports an experiment 
by Duncan in which the larger of two equidistant lights was 
judged nearer. Brightness: Ashley (2) found that subjects 
judged a disc to be nearer when the intensity was increased . 
'!'his effect operated under binocular and monocu l ar conditions . 
Carr (4) reports another experiment by Duncan in which two 
discs of light were varied in brightness and the subject was 
r equired to report when the distances of the two lights we re 
equal . The brighter disc had to be placed farther away to appear 
equivalent in distance to the dinwer light. Color : Taylor and 
Sumner (13) required their subjects to equate the distance of 
two rods in the Howard-Dolman apparatus on which various colored 
tubes were p~aced. They found that the lighter colors appeared 
nearer than t he darker ones . 
2 . ) Attributes of t h e total field. Illumination level: 
Wilner, Weymouth and Hirsch (14) found t h at the point of sub-
jective equality is g r eater as the background illumination of 
the Howard-Dolman appar atus i s increas e d . Contr ast: Fry, 
Bridgman and Ellerbrock (6) hold that t h is is an important 
£actor in distance judgmen t since there is a reduction in bright-
ness contrast between the object and the background under condi-
tions of atmospheric haze. They found, in a laboratory exper-
1'. 6 
·· -_-
iment, that there was an increase in the apparent distance of 
the target in a simulated stereoscopic rangefinder as the 
contrast is reduced. 
3.) Attributes of the organism. Accommodation and 
convergence: Grant (8) used the mirror stereoscope to vary 
acconunodation and convergence while the s ub ject judged the 
distance of a target. His data indicated that both ocular 
adjustments are important factors in determining distance 
judgments. Binocular~· monocular: Deyo (5) required sub-
jects to adjust the distance of the movable rod in the Howard-
Dolman depth perception apparatus. The average monocular judg-
ment was 16 times as large as the average for both eyes. 
Ocular dominance: Scott and Sumner (12) found that this factor 
affected the responses on the Howard-Dolman depth apparatus. 
Sub jects with left-eye dominance tended to position t he movable 
pole on the left nearer than the stationary pole. Right-eye 
dominant subjects tended to pLace the movabLe pole farther than 
the stationary pole. 
B.) Investigations of Distance Judgments~~ Function of 
Brightness. The above studies are a sample of t h e variety of 
factors explored in the judgment of distance. This s tudy was 
concerned with an attribute of the object, namely, brightness. 
The significru1ce of this variable was -first noted in astronomy . 
Helmholtz (9) reports that Gallileo and Kepler were _ aware of the 
phenomenon that brighter stars appeared nearer and larger because 
it was difficult to judge the sizes of the celestial bodies. 
However, the first experiment on the effect of brightness and 
judgments of distance was performed in 1898 by Ashley (2). 
The effect was investigated under monocular and binocular condi-
tions . In the monocular experiment, a lamp illuminated a sheet 
of white paper of constant distru1ce from the subject, who looked 
through a tube and saw a portion of the paper as a luminous disc. 
Judgments were made with the lamp initially set at one, three 
and seven candlepower respectively. The light was gradually 
increased until the disc was judged nearer in regard to each 
of the three reference points. It was found that the ratio 
of increase was about twice that of the point of reference before 
the object would be judged nearer. The ratio was one-half when 
t he light was decreased from each reference point before the 
object would be judged farther . In the binocular experimen t 
the srune apparatus and procedure was us e d. However, the sub-
jec t now looked through slits rather than a tube. Si~ilar 
results were obtained. The subjects judged the object nearer 
when brighter and farther when dimmer. However, with this 
procedure Ashley was not able to d iscover any functional relation-
ships between brightness and distance judgments. 
Carr (4) reports similar results in an experiment by 
Duncan. The apparatus consiste d of two s mall light boxes movable 
on parallel rods. Within each box a single lamn whose bright-
ness was varied by a rheostat , and an opal glass were installed. 
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An iris diaphragm was placed in front of each opal glass . 
The subject was required to report when the distance of one 
light was equal with that of the other. It was observed that 
the brighter light box had to be placed farther away than the 
other light . With this procedure no functional relationships 
were obtained. At t h e srune time there were many uncont rolled 
factors in the design of the apparatus. The brightness was 
reduced with a rheostat which procedure permits a change in 
the color of the light. Secondly, the lights moved parallel 
in reference to each other allowing fo r changes in lateral 
eye movements because the dist~~ce between both lights would 
not be constant as one is moved nearer or farther . 
MUnster (11} studied the influence of differences in 
brightness in the two eyes on distance judgments. Filters were 
used t o vary the brightness in the two eyes. When the left 
eye is darkened and bright objects viewed, the object at the 
left seems farther away. V!Jhen the filter is before the right 
eye , the left object seems nearer . 
The effect of brightness and color was studied by Taylor 
and Sumner (13} using the Howard-DoLnan apparatus . Colored tubes 
were placed over the rods and the subject equated the distance 
of both rods. They found that light colors appeared nearer 
than dark colors. Functional relationships could not be obtained 
with the methods used in this experiment. Further, the color 
of the rods were not controlled. 
9 
The above studies have documented the effect of bright-
ness on judgments of distance. More recently the Ames demon-
strations (10) have shown that the phenomenon operates in the 
balloon demonstration. However , in the majority of these 
studies , many relevant factors in the design of the apparatus 
were not controlled. In addition, no knowledge exists on the 
functional relationships between brightness and distance 
judgments. 
CHAPTER III 
APPARATUS AND PROCEDURE 
I. APPARATUS 
JO 
It is evident from the review of the literature that 
certain factors of the stimulus situation can provide relevant 
cues for judgments of distance. The present apparatus was 
specifically designed to eliminate these factors as well as 
certain variables that have not been previously controlled. 
A.) Major components. The apparatus consisted of two 
light sources and an observer's station. The observer's 
station was located in the foreground of Figure 'l. The subject , 
whose head was firmly positioned in a modified welder 's mask, 
looked at the two light sources through a 1.75x3.75-inch 
opening, in the front of the mask. An opaque window hinged 
above the opening, could be opened and closed at will by the 
subject. A. wooden crossbar on the steel frame served as an 
armrest for the subject. On the left and just below the mask 
there is located an intercommunication unit with which the 
subject may speak with the experimenter who is positioned 
behind the two light sources. Figure 2 illustrates the 
subject's view through the opening in the mask when the room 
is illuminated. However , when the room is darkened, he saw 
only two illuminated surfaces. 
Figure I. General Layout 
Figure 2. Light Sources as Seen from Observer's Station 
Figure 3. A Close -Up of the Light Source Units 
Figure 3 is a close-up of the two light sources. The 
light source on the left was spatially fixed and is the standard 
light stimulus (SLS). The light source on the right was spa-
tially variable and is the variable light stimulus (VLS). Each 
stimulus was an evenly illuminated opal glass disc. 
Each light source consisted of a wooden housing unit 
and a projecting tubular baffle system (Figures 4a and 4b). 
Both housing units were of the same length (16.5 inches) and 
width (6 inches) but the VLS is a 18 inches in height and the 
SLS is 6 inches. 
In order that the experimenter may observe the subject 
in the dark a battery-operated sniperscope (a portable infrared 
viewing device) was mounted on the SLS frame. 
B.) Control for accommodation. The SLS was fixed at 
25 feet from the observer's station in order to exclude accmmo-
dation as a relevant variable. The VLS was mounted on a 10 
foot long steel track, the mid-point of which was also 25 feet 
from the observer. Thus the experimenter could place the VLS 
at any position on the track at a maximum distance of five feet 
in either direction from the mid-point. 
C.) Control of lateral eye movement. In order to 
maintain a constant distance between the two stimuli, the 
track for the VLS was arranged so that the light sources always 
0 
converge at an angle of 6 4 1 upon a point midway between the two 
eyes of the observer. 
The entire apparatus was leveled and rigidly mounted 
so that vertical and lateral travel o£ the VLS could not occur. 
The distance from the center of the circular light sources to 
the floor as well as the distance from the center of the open-
ing in the mask at the observer's station to the floor, was 
57 inches. 
D.) Control of stray light. A baffle tube was added 
to each light source to eliminate stray light from illuminating 
the test room which might provide the subject with extraneous 
cues. The cylindrical tubes, 25 inches in length and 6 inches 
in diameter, was made of black ·paper bakelite. Five circular 
aluminum baffles, with a 2.9 inch diameter opening in each, 
were placed at 5-inch intervals through the length of each tube. 
The entire apparatus was painted a flat black. 
E.) Control for homogeneous disc illumination. Within 
each housing (Figure 4) a 6-volt, 3.75 amp microscope illuminator 
lamp was mounted in a spring-loaded socket. Since the filament 
of the lamp produced a diffused dark spot on the opal disc, the 
following measures were used to obtain a homogeneous disc of 
light. A rotatable supporting base for the lamps was mounted in 
the center of a movable 6x6-inch base plate. Thus the lamps 
could be rotated 360 degrees to eliminate the dark spot. When 
the base plate was moved to the front end of the unit, the center 
BRISTOL BOARD CYLINDER 
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Figure 4. Outline Drawing of the Light Source Units 
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of the lamp's filament was 3 inches from the circular opal 
glass, mounted adjacent to the housing at its junction with 
the baffle tube. The white opal glass, 3.5 inches in diameter 
and 3/32 of an inch in thickness, provided a surface that was 
apparently uniform. 
In addition, it was necessary to correct for a non-
unifo~a distribution of illumination on the opal glass with 
maximum diaphragm opening and minimum distance between t he 
light bulb and the opal glass. Some of the light at the 
periphery of the opal glass was being reflected rather t h an 
transmitted through the glass. A white, Bristol-board cylinder, 
two inches in length and 3 3/8 inches in diameter, was installed 
at the entrance to the baffle tube on the inside wall of the 
housing of the VLS unit. 
F.) Control of color temperature. Two operations were 
us ed to obtain changes of illumination on the opal glass without 
introducing color changes; (1) moving the lamp in the housing 
unit away from the opal glass· and (2) placing filters in front 
of the gla.ss disc. The experimenter could vary the position 
of the lamp and hence the illumination of the opal glass, by 
means of a circular 1/4 -inch steel rod which was connected 
to the base plate, and which extended out of the housing at the 
far end. The change in illumination was sho\vn to follow an 
inverse-square law. The rod was calibrated every 1/2" from 11 0" to 
J6 
"10" to indicate the distance which the lamp had been moved 
within the unit. Thus, when the base plate was at the extreme 
forward position, the marking on the rod read "10" and the 
filament of the lamp was 3 inches from the opal glass. When 
the rod read "O" the lamp was 13 inches from the opal glass. 
These settings will be referred to as the distance settings 
of the lamp. 
Provision was also made for installing filters at the 
outer end of both baffle tubes. The filters were of the 
Wratten neutral-density type which transmitted 37 and 9.5 per 
cent of the light from the opal glass. 
G.) Control of light scatter. Between the housing 
and the opal glass disc an aluminum knife-edge was installed to 
eliminate light scatter. The knife-edge on the SLS was two 
inches in diameter, while that on the VLS was three inches. 
This difference was necessary because a diaphragm in front of 
the opal glass on the VLS had to be opened wider than the two-
inch diameter of the SLS (to keep size of image constant). 
H.) Control of visual angle. The diameter of the 
diaphragm varied with the movement of the VLS so that the visual 
angle remained constant as the VLS was moved along the track. 
The diaphragm was continuously varied from 1.6 to 2.4 inches 
by means of a system of levers. One of the levers was connected 
to a piano wire mounted on the right-hand side of the frame of 
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the VLS. This wire was adjusted so that, with the diaphragm 
levers connected, the diameter of the diaphragm was varied in 
the above manner. 
I.) Control for illumination. By keeping the levers 
connected and adjusting the diaphragm size it was possible to 
keep ·the illumination at the eye relatively constant as the 
VLS was moved a distance of 10 feet along the track. At a 
constant brightness ratio and constant diaphragm size, the 
illumination would not be the same when the VLS was moved 
nearer or farther from the mid-point of the track. It was 
decided to control this change in illumination of the VLS by 
keeping a constant visual angle. The following procedure was 
used. A photoelectric cell of constant size was placed at 
the observer's station. By blocking off the SLS only the 
illumination from the VLS was tested. Then the VLS was placed 
at the extreme forward position on the track and slowly ntoved 
to the farthest position. The measured change in illumination, 
under the brightest conditions, was not more than three per 
cent (averaged over the 10-foot travel) -a negligible amount. 
J.) Power Supply. The electrical system (110-volt ac) 
consisted of a voltage regulator, a variable transformer (Variac) 
and a 6-amp filament transformer. The voltage regulator, the 
Variac and the filament transforraer were in series. The two 
lamps were in parallel from the last unit in the series. 
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K.) Control of auditory cues. The apparatus was located 
in a large basement room, 25x50 feet, which was lighttight. 
The room was warm because numerous water and steam pipes were 
situated along the ceiling. The room was made more comfortable 
by the .installation of two fans. An exhaust fan located near 
the subject removed the warm air and a floor fan in the middle 
of the room circulated the remaining air. Both fans made 
enough noise to mask any sounds occurring in the operation of 
the apparatus. 
II. PROCEDURE 
A.) Preliminary Studies • 
. 1.) Determination of the distance intervals. Since 
the distance of the VLS was to be varied, a preliminary study 
was performed to determine the minimum increments which would 
produce differential distance responses. A three inch interval 
between each distance position was arbitrarily chosen. Using 
the method of constant stimuli, three subjects were asked to 
respond to the VLS as being "nearer" or rtfarther" than the SLS. 
A frequency of "nearer" responses was plotted against the 
distance positions of the VLS. The curves were smoothed by 
eye and the average just noticeable difference value obtained 
was four inches. This value was used as the interval between 
the various distance positions of the VLS in the two experiments . 
In the major experiment fifteen distance positions from 22'8" 
to 27 1 4" were used. In the minor experiment thirty one 
distance positions from 20 1 0" to 30 1 0 11 were employed. 
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2.) Determination of brightness ratios. The purpose 
of this study, itis recalled, was to determine whether 
differential responses of "nearertt or "farther" can be obtained 
for different brightness ratios of the VLS:SLS. In order to 
determine what brightness ratios would not produce 100% 
"farther" or "nearertt responses consistently, a preliminary 
study was performed. A ratio of 7.5:1 (VLS:SLS), when the 
VLS was closest to the subject, gave 100% "nearer" responses; 
a ratio of 1:7.5, when the FLS was farthest from the subject, 
gave 100% "farther" responses. The ratios chosen for experi-
mentation fell within these limits and were: 6.25:1, 2.5:1, 
1:1, 1:2.5 and 1:6.2P.• The geometric series was adopted in 
accordance with standard practice and at any one ratio, except 
the 1 :1, the difference between the two lights was well above 
tl1e difference threshold for brightness discrimination. 
B. ) Major Experiment. 
1.) Purpose. The objectives of this experiment wa s to 
determine: the functional relationships between ratios of 
photometric brightness and judgments of distance under binocular 
and monocular conditions. 
2.) Subjects. Two naive subjects with uncorrected 
visual acuity of 20/20 (Snellen) in each eye were employed. 
Neither subject participated in any of the preliminary studies. 
B.M., a 20 year old female, was a senior psychology major. 
R.B., a 25 year old male, was a first year graduate student in 
psychology. Both were paid at the rate of one dollar per hour. 
3 . ) Daily sessions. The subjects performed in 20 daily 
sessions over a period of four weeks. Daily sessions were two 
hours in length. To avoid the effects of fatigue and monotony, 
a 15 minute rest period was introduced during each daily session. 
Thus each daily session was broken up into two periods of 45 
minutes each. The first 15 minutes in each session were spent 
in the preparation of the subject and the apparatus . 
Before the subject entered the experimental room, he 
was dark adapted for five minutes by wearing a pair of black 
goggles. This procedure also insured that both subjects had 
no knowledge of the apparatus or the dimensions of the room. 
By means of the instructions , the subject was told that his 
main task was to state whether the light source on his left 
1 
or the light source on his right was nearer. He was advised 
to tilt his head slightly if the two light sources did not 
appear the same height from the floor (the subjects rarely 
reported the occurrence of this phenomenon). At each presenta-
tion the subject was allowed to take as much time as he wanted 
See Appendix A for the instructions used. 
to respond. Vfuen he took longer than 30 seconds, however, the 
experimenter told him to make a reasonable guess. The need 
for this direction rarely occurred. In the initial .daily 
session the instructions were repeated every 15 minutes. In 
the subsequent sessi~ns they were read only at the beginning 
of each experimental period (two per session) . At the con-
elusion of the daily session the subject put on the dark goggles 
and was led out of the room. 
4.) Method. The method of constant stimuli was used 
throughout for the presentation of the stimuli. With five ratios 
and fifteen distance positions of the VLS, a total of 75 stimuli 
were possible. However, on the basis of the preliminary studies, 
al~ the stimulus combinations were not used. It was observed 
that, for some brightness ratios under binocular conditions, 
the frequency curves reached the 100~ and 0~ mark at certain 
distance positions. Thus at the distance position of 22 18 11 
the ratios 1:2.5 and 1:6.25 were used. For position 23 10" 
the ratios 1:1, 1:2.5 and 1:6.25 were used. For positions 
27'0" and 27'4" the ratios employed were 6.25:1 and 2.5:1. 
For the remaining eleven intermediate positions all five bright-
ness ratios were used. Therefore, the total number of stimuli 
was 64 (one run). However, for subject B.M., the number of 
stimulus combinations was reduced to 56 after thirteen runs 
since the frequency curves in some instances reached the zero 
or 100~ mark. A graphic comparison of the first thirteen runs 
with the last thirteen showed no overall differences. The 
order of presentation of the stimulus combinations was random-
ized by means of a table of random numbers for brightness ratios 
and distance positions. 
5.) Binocular versus monocular viewing. Each subject 
first completed the binocular runs and then was run under mono-
cular conditions. In the binocular portion both subjects 
received 40 runs. In the monocular portion both subjects 
received only 15 runs since the shape of the curves was very 
definitely indicated early in the course of the experiment. 
Under the monocular viewing condition, the subject used his 
preferred eye (determined by the "sighting method"). The other 
eye was covered by a black eye patch. Subject B. M. used the 
left eye and subject R.B. used his right eye. 
6.) Brightness level. In this experiment only one 
brightness level was used, namely, 13.0 foot-lamberts. At all 
times one of the light sources had a brightness of 13.0 foot-
lamberts. The other was decreased, by moving the lamp away from 
the opal glass, to yield the five brightness ratios. For example, 
to obtain a ratio of 6.25:1, the VLS was 13.0 foot-la~berts and 
the SLS had a brightness of 2.08 foot-lamberts . For a ratio of 
1:2.5 the SLS had a brightness of 13.0 foot-lamberts and the 
VLS was 5.2 foot-lamberts. 2 
2 See Appendix B for the method of determining the 
photometric brightness values. 
7.) Recording of responses. The responses recorded 
were "rightn and "left". Each response referred to the stimulus 
light which appeared nearer to the subject. All the data were 
plotted in terms of the "nearer" responses to the VLS ("right" 
response). It is obvious that the use of either category would 
result in the same type of relationship. 
C.) ~linor Experiment. 
This experiment was undertaken to determine whether 
the relationship between brightness ratios and distance judg-
ments found in the ma jor study would hold when the absolute 
level of brightness was varie~ 
Two naive sub jects with uncorrected visual acuity of 
20/20 (Snellen} in each eye were employed. Subject J.D., age 
20, had a right-eye dominance and subject M.M., age 21, had a 
left-eye dominance. · Both subjects were females and non-psycho-
logy majors. Both were paid at the rate of one dollar per hour. 
The Up-Down method of stimulus presentations was used 
3 
to obtain the point of subjective equality. The instructions, 
apparatus and experimental room were the same as in the ma jor 
experiment . The three photometric brightness levels used were : 
13.0, 3.33 and .035 foot-lamberts. Since the 13.0 foot-lambert 
level was the major experimental value, it was obtained in the 
same manner as described previously. The other two levels were 
obtained by installing a 9.5% transmission filter for the 3.33 
3 Dr. G. A. Miler , personal communication. 
level and the 37% and the 9.5% filters were combined and placed 
in front of the baffle tubes for the .035 level. The same 
brightness ratios were used as in the ma jor experiment. All 
determinations were made under binocular conditions. 
In the first daily session the subject was run at the 
13.0 foot-lambert level with t he five brightness ratios presented 
in the following order: 6 . 25:1 , 2 . 5:1, 1:1, 1:2.5 and 1:6. 25 
(a total of five periods). On the second and third daily 
sessions the levels used were 3.33 and . 035 respectively and 
the brightness ratios were presented in the same order as in 
the first session. Thus there were a total of 15 experimental 
periods. 
The following procedure was used in each experimental 
period. The brightness ratio was set and kept constant during 
the period and at the beginning of each period, the VLS was 
placed at the 27 1 0" distance position on the track. The subject 
was then presented with the two light sources and was required 
to state whether the left or the right source was nearer . If 
the subject said "left", then the VLS was brought four inches 
nearer , which was the same distance increment used in the major 
experiment. If the subject said ttleft" on the next trial, then 
the VLS was brought four inches near er. · This procedure was 
continued until the subject reversed his response. After the 
first reversal, the experimenter always set the VLS one increment 
in the opposite direction of the subject's last response . The 
25 
entire length of the track (10 1 ) was used and gave a total 
of 31 distance positions four inches apart. Fran the first 
reversal point, this procedure was continued until approximately 
60 responses were obtained for each period. 
With the Up-Down method, a distribution of "left" and 
"right" responses are obtained around a mean value. The mean 
value obtained, for each experimental period, is the point of 
subjective equality. 
CHAPTER IV 
ANALYSIS OF THE RESULTS 
I. MA JOR EXPERIMENT 
A.) The effect of physical distance~ brightness 
ratio ££ judgments ££ distance. Tables I and II and Figures 
5 and 6 present a summary of the scores under binocular condi-
tions, recorded in terms of the percent frequency of "nearer " 
responses to the variable l ight stimulus. Before dealing with 
the joint effect of the variables , the effect of each variable 
on judgments of distance will be analyzed. 
1 . ) The effect of physical distance when brightness 
ratio is unity (l:U . It is evident from the data in the columns 
of Tables ' I and II that the frequency of "nearer' responses 
decreases and approaches zero as the distance of the variable 
light stimulus (VLS) from the observer is increased. The same 
trend operates for both subjects. In general , the results 
confirm the view that under binocular conditions , judgments of 
distance are a function of the actual distance of the object. 
2.) The effect of brightness ratios when distance is 
constant. If brightness is a factor in distance judgments, 
then one would expect the frequency of "nearer" responses to 
increase as the brightness ratios of the VLS to the SLS are 
increased. For both subjects the percent frequency of "nearer" 
TABLE I 
PERCENT FREQUENCY OF "NEARER" RESPONSES TO THE VLS FOR 
THE BRIGHTNESS RATIOS AND DISTANCES USED 
UNDER BINOCULAR VIEWING 
SUBJECT: B·. M. 
Distance Brightness ratios 
of the (VLS:SLS ) 
VLS 
from the 1:6.25 1:2.5 1 : 1 2.5:1 6.25:1 
observer 
22'8fl 92·lt· 95 
23' 60 . 68 95 
23' 4"' 48 60 85 100 100 
23' an: 18 35 75 100 92 
24' 28 38 60 82 82 
24 1 411 18 28 55 80 82 
24 'art 5 15 52 52 80 
25' I 2 2 12 38 65 
25'4" 5 12 30 38 
25'8" 0 2 15 28 
26 1 5 15 25 
26 1 4"· 2 10 15 
26'8" 0 10 15 
27 1 0 2 
27 1 4": 0 0 
* Each frequency is based upon 40 presentations. N • 2240 I Same distance as the SLS. 
2 R 
TABLE II 
PERCENT FREQUENCY OF "NEARER" RESPONSES TO THE VLS FOR 
THE BRIGHTNESS RATIOS AND DISTANCES USED 
UNDER BINOCULAR VIEW~NG 
SUBJECT: R.B. 
Distance Brightness ratios 
of the ( VLS:SLS ) VLS 
from the 
observer 1:6.25 1:2.5 1 :: 1 2.5:1 6.25:1 
22'8" 1oo* 100 
23 1 100 100 100 
23 1 4" 98 95 100 100 100 
23 18 1t. 85 100 98 100 100 
24' 72 98 100 100 100 
24 1 4" 32 95 100 100 100 
24 18 11 22 70 92 92 100 
25' I 15 22 58 90 95 
25 1 4" 2 28 40 78 92 
25 1 8" 5 18 30 75 95 
26 1 0 5 38 62 92 
26'4" 0 0 30 58 72 
26'8" 0 0 0 62 80 
27 1 25 45 
27'4" 38 40 
* Each frequency is based upon 40 presentations. N 
-
2560 I .. Same distance as the SLS. 
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responses do increase as the brightness of the VLS is in-
creased from a ratio of 1:6.25 to 6.25:1. In general , the 
results indicate, under the conditions of t his experiment, 
that the brighter object , other things being equal , appears 
nearer than a dimmer object. Conversely, t he dirmner object 
appears farther than a brighter object. 
3.) The percent frequency of "nearer" responses as a 
function of distance and brightness ratios. The psychophysical 
curves plotted in Figures 5 and 6 from the values in Tables I 
II indicate the shape of this function. To determine whether 
the functions obtained were theoretical ogives, the data was 
plot ted on arithmetic-probability paper. The curves obtained 
were not linear. On this basis , it was decided to connect a ll 
the points wi th straight lines. Therefore, the graphs drawn 
are empirical curves. 
The function for the 1:1 brightness ratio serves as 
a reference curve. It can be seen that when the VLS is brighter 
than the SLS by ratios of 2.5:1 and 6.25:1, the corresponding 
curves at these ratios are displaced to the right of the refer-
ence curve -indicating that t h e VLS distance settings greater 
than 25 1 are being responded to as "nearer". On the other hand, 
when the VLS is dimraer than the SLS by ratios of 1:2.5 and 
1:6.25 , the corresponding curves are displaced to the left of 
the reference curve. Thus it is evident that systematic changes 
in brightness affect the position of the curves along the 
distance scale. 
4 . ) Reliability of the data. It is recalled that 
the procedure for collecting the data for the s e curves covered 
a number of daily sessions. This raises the problem: do the 
subj e cts' response s show any systematic trends from the f irst 
runs to the last r uns? Psychophysical curve s were drawn for 
t h e fir s t 20 runs and the last 20 runs. No systematic differ-
1 
ences between the first 20 and the last 20 runs were evident. 
B.)~ stimulus-stimulus functions. A stimulus- s timul u s 
f unction s pecifie s h ow a measurable attribute of one s timulus 
varies as a function of another, with a measurable attribute of 
response kept constant as a parameter. The function may be 
plotted for ru1y number of values of response, thus obtaining a 
family of curves. Figures 7 and 8 illustrate the s timulus -
stimulus functions for thre e values of response frequency, 
namely, 2S%, SO% and 7S%. The method of plotting the f u nction 
was as fol l ows. From each curve in Figures S and 6 one can 
det er mine the distance value that corresponds to the SO% f r e-
quency of "nearer" responses. These values are now plot ted 
agains t the brightness ratios. Inspection of the curves for 
both subjects shows that the distance of the VLS is an increasing 
1 See Appendix C for this analysis. 
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function of the logarithm of the brightness ratios. For 
example , in Figure 7 a brightness ratio of 6.25:1 ~~d the 
distance of the VLS at 25 1 2" gives an equal respons e to a 
ratio of 1:6,25 with the VLS at 23 1 4". In general, the results 
'indicate that a brighter object farther away is equivalent to 
a dimmer object that is nearer . 
It can also be seen that when distance values correspond-
ing to the 25% and 75% occurrence of "nearer" resp onses are 
plotted against the brightness ratios, a similar function is 
obtained. 
C.) Differences between the subje~ts. Evident through-
out the data~ the fact that the subjects consistently responded 
in a biased manner. For example , differences between tr1e 
subjects is noted in the skewedness of the psychophysical curves 
(Fie;ures 5 and 6}. The functions for subjects B. M. are skewed 
to the right and for R.B. the functions are skewe d to the left. 
Inspection of the stimulus-stimulus functions (Figures 7 and 8) 
shows that the sub j ects are consistent in their deviation from 
the equal distance position (25 1 ) . For no g iven response fre-
quency do the curves of the subjects intersect. The systematic 
differences between t he subjects were analyzed in terms of their 
constant errors. In this experiment the constant error would 
be the differe.nce between the distance value of the SLS (25') 
and the distance value of the VLS that corresponds to the 50% 
frequency of "neare r " respon3es when the brightness ratio is 
constant. The stimulus-stimulus functions may be used to 
determine this type of error. Subject B. M. had an error of 
approximately -4" and R.B. had an error of 12n. Thus B. M. 
considers the VLS equivalent in distance to the SLS when the 
VLS is actually nearer. It is possible that t h ese differences 
between the sub jects are due to ocular dominance. Scott and 
Sumner (12) found that ocular dominance affected the responses 
on the Howard-Dolman depth apparatus. Left-eye dominant subjects 
tended to place the pole on the left nearer than the stationary 
pole and right-eye dominant subjects tended to place the movable 
pole farther t han the stationary one. It is recalled that B.M. 
had a left-eye dominance and R.B. had a right-eye dominance. 
Consequently , the expected constant errors for R.B. would b e 
positive and for B. M. negative . In addition, it woul d be 
expected that the psychophysical curves for R.B . would be 
skewed to the left and B.M. to the right . Both of these expecta-
tions were fulfilled. 
D.) Judgments of distance under monocular conditions. 
Tables III and IV present a summary of t he scores for both 
subjects . Each sub j ect used his dominant eye : R.B. was right-
eyed and B.M~ was left-eyed . 
1.) The effect of dis tance when brightness ratio is 
unity (1:). It i ·s evident from the data in the columns that 
the frequency of "nearer" responses do not show any systematic 
TABLE III 
PERCENT FREQUENCY OF "NEARERu RESPONSES TO THE VLS FOR 
THE BRIGHTNESS RATIOS AND DISTANCES USED 
Distance 
of the 
VLS 
from the 1:6.25 
observer 
22 '8": 
23' 
24' 
24'4" 
24'8" 
25' J 
25'4" 
25 18" 
26' 
26 14" 
26 18" 
27' 
o·~ 
0 
7 
7 
7 
0 
0 
7 
0 
0 
0 
7 
0 
UNDER MONOCULAR VIEWING 
SUBJECT: B. M. 
Brightness ratios 
( VLS:SLS ) 
1:2.5 1 : 1 2.5:1 
7 
7 
27 
20 
0 
7 
7 
7 
0 
0 
7 
0 
0 
20 
33 
53 
27 
67 
33 
47 
27 
40 
27 
27 
27 
60 
80 
67 
93 
67 
38 
80 
67 
60 
47 
87 
87 
80 
6.25:1 
87 
93 
87 
93 
80 
65 
87 
93 
80 
74 
80 
87 
87 
{~ Each frequency is based upon 15 presentations. N- 960 
I Same distance as the SLS. -
TABLE IV 
PERCENT FREQUENCY OF "NEARER" RESPONSES TO THE VLS FOR 
THE BRIGHTNESS RATIOS AND DISTANCES USED 
Distance 
of the 
VLS 
from the 1:,6.25 
observer . 
22'~"' 
23' 
23 '4'': 
23 18" 
24' 
24'4" 
24'1!" 
. 25' I 
25'4" 
25'8" 
26' 
26 1 411 
26 18" 
27' 
27 '4"; 
o* 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
UNDER MONOCULAR VIEWING 
SUBJECT: R.B. 
Brightness ratios 
( VLS:SLS ) 
1:2.5 
0 
0 
7 
0 
13 
13 
20 
0 
0 
0 
0 
7 
0 
1 : 1 
73 
47 
47 
60 
53 
eo 
60 
20 
40 
73 
40 
33 
2.5:1 
100 
100 
100 
100 
87 
100 
80 
87 
93 
73 
100 
87 
93 
6.25:1 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
* Each frequency is based upon 15 presentations. N = 960 
f Same distance as the SLS. 
trends as t h e distance of the VLS is increased. The results 
indicate, under the conditions of the experiment, that the 
subjects were not able to judge the distance of the VLS. 
2.) The effect of brightness ratios when distance is 
cons t~~t . An ex~~ination of both Tables shows that as the 
brightness of the VLS is increased the percent frequency of 
"nearer" responses increased. Vl h.enever, the VLS was brighter, 
irrespective of its distance from the SLS, the subject tended 
to say that it was "nearer". Conversely , when the VLS was 
dimmer, the subject said that is was "farther" . 
To illustrate the effect of brightness, psychophysical 
curves were plotted in Figures 9 and 10 from the va lues in 
Tables III and IV. Comparing the two subjects, it is evident 
that R.B., on t he averag e, made more nnearer" responses when 
the VLS was brighter than did B.M. R.B. also made more "nea rer" 
r esponses than did B.M. when the two light sources were equal 
in brightness. This is in agreement with the findings under 
binocular conditions in this experiment. It may be concluded 
that brightness influences judg~ents of distance under monocular 
conditions. 
E.) Comparison of the results under monocular and 
binocular conditions. To compare the influence of brightness 
under both condi tions, it is necessary to k eep distance constant 
for both light sources. From the equal distance position (25') 
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in Figures 5,6,9 and 10 the percent frequency of "nearer" 
responses was plotted against the logarithm of the brightness 
ratios. Figures 11 and 12 illustrate the above relationship. 
It is evident that as the logarithm of the brightness ratio 
increases the percent frequsncy of "nearer" responses increases. 
Again there are noticeable differences between the subjects. 
II. MINOR EXPERIMENT 
, 
The purpose of this experiment was to dete~mine 
whether the effect of brightness on distance j udgments would 
hold for changes in the absolute level of brightness. The 
Up-Down method was used to obtain a rapid determination of 
the effect. With this method the average distance value for 
the point of subjective equality (PSE) was obtained for each 
brightness ratio and three brightness levels. Table V and 
VI pre sent a summary of the mean values for each PSE . 
Inspection of both Tables at any brightn ess level 
~hows that as the brightness rati o is increased from 1:6 . 25 
to 6.25:1 there is an increase in the average value of the 
PSE in a positive direction. Thus the effect of brightness 
on judgments of d i stance was found to operate at all three 
brightness ~evels. 
To determine the stimulus- sti mulus functions, the 
distance value, PSE, was plotted from Tables V and VI against 
brightness ratios in Figure 13. I t is evident that for b oth 
sub jects there is no consistent increase or decrease in the 
PSE as the parameter , brightness level, is decreased. However , 
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TABLE V 
AVERAGE DISTANCE, PSE, IN FEET FOR BRIGHTNESS RATIOS 
AND BRIGHTNESS LEVELS. SUBJECT: J.D. 
~} Exceeded the limits of the apparatus. 
> 
I 
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TABIE VI 
AVERAGE DISTANCE, PSE, IN FEET FOR BRIGHTNESS RATIOS 
AND BRIGHTNESS LEVELS. SUBJECT : M.M. 
Brightness Brightness ratios 
levels in ( VLS : SLS ) 
foot-1amberts 
1 : 6 . 25 1:2.5 1:1 2 •. 5:1 6.25:1 
13 . 0 - ... {~ -1 . 5 -. 3 - . 4 - . 1 
3 . 33 --{f. -1 . 4 ·- . 3 . 2 o.o 
. 035 - --~r. - 2 . 5 - . 7 -. 4 1.3 
~~-Exceeded the limits of the apparatus . 
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Equal distance, PSE, in feet as a function of the absolute brightness 
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in general, the PSE is an inc r e as ing function of the log-
arithm of the br i ghtnes s ratios. 
Furthermore, examinat ion of Figure 13 indicates some 
emphatic differences between the subjects. In the fi rs t place, 
PSE values could n ot be obtained for subjec t , J .D. when the 
VLS was brighter than t he SLS . This sub j ec t reported that 
the VLS was nearer " although it was five feet farther than 
the SLS . Similarly, subject, M. M. tended to say that the VLS 
was "farther" when it was dim.mer {1: 6 .25) and actually f i ve 
feet nearer than the SLS. This tendency may account for the 
large d isplacemen t of the stimul us-stimulus functions of each 
subject f rom the zero point on the ordinate in Figure 13. As 
in t he major experiment , it should be noted that the ocu l ar 
dominance of the subjects corresponds to the above differences . 
Wh ile different subjects and methods were used in the 
ma jor and minor experlmen ts , the s timulus-st imulus functions 
are similar . The 50% response curves in the major experimen t 
(Figures 7 and 8) and in the minor experiment Figure 13 provide 
the basis for this comparison. For example, the function fo r 
B. M. (Figure 7) shows a flattening effect at ratio s of 1 :1 and 
2.5:1. A similar result was obtained in the minor experiment 
for M. M. {Figure 13). A flattening effect is evident at bright-
ness ratios of 1:1 and 6.25:1. This effect suggests that t h e 
st imulus-stimul us function is not linear for the point of 
subjective equality. 
In addition, PSE values could not be obtained for 
some of the brightness ratios since each subject in the minor 
experiment continued to report that the VLS was either "nearer" 
(subject J.D.) or farther (subject M. M. ) as the distance limits 
of t h e track we re reached. Thus the subjects in the minor 
experiment were more influenced by the brightness factor . This 
feature suggests that the extent of the effect of brlghtness 
on judgments of distance is a function of the psychophysical 
method used . 
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CHAPTER V 
SUMMARY Ah'D CONCLUSIONS 
The present investigation was concerned with the 
effects of varying brightness on distance judgments. In the 
major experiment, using the method of constant stimuli , two 
subjects were presented, first under binocular and then under 
monocular conditions, with a standard and a variable light 
source. The distance of the variable light source could be 
varied from 22'8" to 27 1 4" by 4 11 increments, while the standard 
light source was at a fixed distance of 25 1 • The brightness 
of both light sources was varied by the following ratios 
(VLS:SLS): 1:6.25, 1:2.5, 1:1, 2.5:1 and 6.25:1. At all times 
one light source was at a constant brightness level of 13.0 
foot-lamberts. In the minor experiment, using the Up-Down 
method of stimulus presentation, two different subjects were 
presented, under binocular conditions, the same light sources 
and brightness ratios. The distance of the variable light 
source could be varied from 20 1 0" to 30'0" by 4" increments. 
The brightness level was varied by 13.0, 3.33 and . 035 foot -
lamberts. One subject in each experiment had left-eye dominance 
and the other had a right-eye dominance . 
In the major experiment under binocular conditions, 
it was found that j udgments of distance are a function of the 
physical distance and the brightness of the light source. 
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Psychophysical functions were obtained between percent fre-
quency- of "nearer" responses to the VLS and distance :for the 
five brightness ratios. The five :functions were distributed 
in this order along the distance scale: 1:6.25, 1:2.5, 1:1, 
2.5:1 and 6.25:1. It was sho~n that systematic changes in 
brightness affect the position of the curves on the distance 
dimension. Stimulus-stimulus functions were derived from the 
psychophysical curves for three values of response frequency 
(25%, 50% and 75%) . It was found that the distance of the VLS 
was an increas ing function of the logarithm of the brightness 
ratios at a constant response frequency. On the basis of' these 
results it was concluded that a brigh ter object :farther away 
is equivalent to a dimmer object that is nearer. Under mono-
cular conditions, the subjects were not able to make systematic 
distance judgments when brightness was held constant . However , 
it was found that when the VLS was brighter than the SLS the 
subject tended to say "nearer" irre spective of its distance 
:from the SLS . Conversely, when the VLS was dirmner, the subject 
said that it was "farther" . On the basis of these results , it 
was concluded that brightness systematically influence s judg-
ments of distance under monocular conditions. A comparison ot: 
the results under binocular and monocular conditions, when 
distance is held constant , showed that the percent frequency 
of "nearer" responses is an increas ing function of the log-
arithm ot: the brightness ratios. 
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In the minor experiment , it was found that the relation-
ship between brightness ratio s and distance judgments , demon-
strated in the ma jor experiment, was shown to operate at all 
thre e absolute brightness levels. Similarly the stimulus-stimul us 
functions showed that the average distance at the point of 
subjective equality was an increasing function of the logarithm 
of the brightness rati o s . There was no systematic relation5hip 
between the point of subjective equality and the absolute level 
of brightness. 
A comparison of the stimulus-stimulus functions of both 
experiment~ showed a similar flattening effect at some of the 
brightness rati o s . The major differe nce between the subjects 
was that the subjects in the minor experiment were more influenced 
by the bri ghtness factor . It was suggested t hat the extent of 
effect brightness and distance judgments is a function of the 
psychophysical met h od used. Finally, for all subjects differences 
in ocular dominanc e were related to the observed biases in the 
functions obtained. 
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APPENDIX A 
INSTRUCTIONS 
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ttThis is a study of the factors influencing the judg-
ment of distance. As you may know this is an important 
problem in everyday life situations. 
At times the task may be difficult or even boring 
because the experiment requires that you make many responses 
in a dark room. However, I am sure you will be able to perform 
the experiment without any trouble. This is not a test of your 
intelligence and there are no correct or incorrect answers; 
just respond as carefully as possible each time. With patience 
and cooperation on your part everything will go smoothly. 
Each session will run for two hours and we shall have a rest 
period half-way through each session. 
Let me briefly indicate what we are going to do so that 
you will be able to understand the procedure we will be using. 
I am going to present to you two circular lights at various 
distances. Sometimes one will be placed nearer to you and some~ 
times the other may be put at a position nearer to you. Thus 
either light may be nearer to you than the other. In some of 
the trials there may be such a small difference that you may 
have difficulty in deciding which one is nearer. Where the 
differences are large you will feel confident and you may tend 
to respond rapidly and as a result you may have a tendency to 
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become lax and make snap judgments in those cases where the 
differences are small and more care is needed. You may have 
to guard against this normal tendency in each trial by being 
careful and by paying attention to the two lights before making 
your judgment. 
The two lights will vary in brightness as we also 
interested in the effect under various levels of illumination. 
Your main task is to look at the two lights, using 
both eyes in the first experiment and your preferred eye in 
the monocular experiment, and get an estimate of the distance 
of each. Now you are ready to report which one is nearer. 
You will then say: 
' The left light is nearer', or 
' The right light is nearer'. 
This is all you have to do. Are there any questions ? 
This is the procedure we will be using. You will be 
seated at the observer's station wnich consists of a mask in 
which you position your head. In front of the mask a small 
glass window is located through which you will be able to see 
the two lights. ~hen the window is closed you will not be able 
to see the lights. Before each trial you will keep the glass 
window closed. A small bell will sound which is your ready 
signal to start the trial. You will then : (1) raise the 
glass window, (2) wait a few seconds so your eyes may adapt 
to the bright lights, (3) tilt your head so that the lights 
appear to be at the same height from the floor, (4) look at 
· the left light and then look at the right light getting an 
idea of the distance of each, (5) say which light is nearer, 
the left or the right, and (6) close the window as soon as 
you make your judgment. At all times, keep your head in the 
mask and do not move it. If for any reason you want to move 
or change the position of your head please notify me. Are 
there any questions so far ? 
In this experiment it is important that our subjects 
be dark adapted therefore ~ou will put on thes e dark glasses. 
Do not worry, I'll direct you into the room and seat you at 
the observer• s station. tt. 
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APPENDIX B 
DETERMINATION OF THE ·PHOTOTVIETRIC BRIGHTNESS VALUES 
A photoelectric cell was placed at the end of the 
baffle tube of the light source. The distance settings of 
the la..rnp were decreased from the "lOtt position by one-inch 
intervals which decreased the amount of illumination on the 
opal glass. The per cent drop in illumination was recorded. 
The MacBeth Illuminometer was used to obtain an 
average brightness value that corresponded to the lowest 
distance setting, {"O"), of the lamp. 
It is known that illumination and photometric bright-
ness increase linearly for a constant area. Therefore, by a 
simple ratio of brightness to per cent illumination it is 
possible to obtain the brightness values for the remaining 
distance settings. A curve (Figure/4) was drawn to show 
this relationship. On the basis of this curve the various 
brightness values were derived. This relationship indicates 
the photometric brightnesses without the use of filters. With 
t hirty seven per cent transmission filters all points of the 
curve for both the SLS and the VLS would be decreased by a 
constant factor of 0.63. 
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APPENDIX C 
RELIABILITY OF THE DATA 
(:)0 
Since the major experiment required many daily sessions 
the apriori probability of systematic behavior changes ishigh. 
Only the results for the binocular part were analyzed because 
there were fewer presentations in the monocular condition. 
Psychophysical curves were drawn for both subjects at 
each brightness ratio. Figures IS" and /6 summarize the results . 
It is evident that no systematic trend occurs and approximately 
the same amount of irregularity operates for the first 20 and 
the last 20 stimulus presentations. 
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It is generally accepted that the brightness of a 
stimulus object is a factor in judgments of distance. However, 
very lit tle knowledge about the functional relationships 
between photometric brightness and distance judgments have 
been obtained. Graham and others have shown that the 
psychophysical methods used to obtain stimulus-response 
relationships can also provide stimulus-stimulus functions. 
In the latter type of function information can be obtained 
which shows how one measurable stimulus attribute varies as a 
function of another , with the response as a parameter. This 
study was concerned with determining both of t hese relationships. 
The specific objectives in this s tudy were : (1) to 
discover the functional relationships between ratios of photo-
me t r c brightness and judgments of distance under binocul ar 
and monocular conditions (the ma jor experiment) and (2) to 
show the effect of brightness rati os on judgments of distance 
when the absolute level of brightness is varied (the minor 
experiment) . 
A review of the literature revealed that: (1) the 
experimental des . gn in previous investigations did not permit 
the d i scovery of functional relationships since brightness was 
not systematically varied and ( 2) many studies failed to 
control relevant distance cues - such as color temperature and 
l ateral eye movements , in the design of the apparatus. Accord-
ingly, the present apparatus was designed to elim nate these 
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and other variables of the stimulus situation which could 
affe ct jud ments of distance. 
The apparatus consisted of two circular light sources 
and an observer's station. The standard light source (SLS) 
was on the observer's left at a fixed distance of 25 1 from 
the observer. The variable l ight source (VLS), on the right, 
was movable on a 10- foot long stee~ track whose mid-point was 
also 25' from the observer . At these distances accow~odation 
cues could not affect the distance judgments. Both light 
sources converged upon a mid-point between the t wo eyes of 
the observer. This feature was added to maintain a constant 
distance between the two light sources. Baffle tubes installe d 
in front of each light source prevented stray light from 
illuminating the experimental room. Variation in color tew~­
erature of the li ght sources was eliminated by t he u se of 
neutral-density filters and by changing t h e dis t ance of the 
lamp behind an opal glass disc. The v isual ru1gle of the 
variable light source was contr olled by a d iaphragm i n front 
of the opal glass d i sc which changed in size whenever th.e unit 
was moved along the track. In addition, this procedure controlled 
for c hang e s in illumination a t t he observer's station. Other 
controls were concerned with homogeneous d isc illun1inati on, 
light scatter and auditory cues. 
Prelimi nary studies showed that: (l) a 4" distance 
interval was necessary to produ c e diffe rential dis t ance respons es 
f)!) 
and (2) brightness ratios (VLS:SLS) less t h an 7.5:1 had to 
be used in order to obtain differential d istance responses 
of nearer and f arther. The ratios chosen for experimentation 
were: 6.25:1, 2.5:1, 1:1, 1:2.5 and 1:6.25. 
In the major experiment two paid naive subjects (male 
and female) were employed . The subjects performed i :n 20 
daily sessions over a four week period. Each subject was dark 
adapted for five minutes by wearing a pair of black goggles. 
By means of i nstructions, the subject was told to report whether 
the light source on his left or the one on his right was nearer. 
The method of constant stimuli was used to present the stimulus 
combinations which consisted of distance posi tions ciffering 
by four inch intervals and the various bri r·htne s s ratios. 
Each subject· first comple ted the binocular runs (40 presenta-
tions of each stimulus combination) and then was run under 
monocular cond i tions (15 presentations). In the monocular 
condition each subject used his preferred eye - one had a 
right-eye dominance and the other had a left- eye dominance . 
In this experiment only one bri ·htness level (13.0 foot-lamberts) 
was used. At all times one li gh t source had a brightness of 
13.0 foot-lamberts and the other was decreased to yield one 
of the five brightness ratios. All the data were plotted i n 
terms of the "nearer' responses to the VLS. 
In the minor experiment, the absolute brightness level 
was varied. Two paid naive female subjects were used. One had 
a left-eye dominance and the other had a right-eye dominance . 
The instructions, apparatus and experimental room were the 
same as in the major experiment . The Up-Dovm method of 
stimulus presentation was used to obtain the points of 
subjective equality. The t h ree brightness levels used were: 
13.0, 3.33 and .035 foot-lamberts. Filters installed in front 
of the baffle tubes produced the three levels. The same 
brightness ratios a nd distance interval were used as in the 
major experiment. All determinations were made under binocular 
conditions. In the first daily session the subjects were run 
at the 13. 0 level with the five brightness ratios presented 
as follows: 6.25:1, 2.5:1, 1:1, 1:2.5 and 1:6.25 . On the 
second and third daily s essions the levels were 3.33 and . 035 
respectively and the brightness ratios were presented in the 
same order as in the first session (a total of 15 experimental 
periods). A mean value b a sed on approximately 60 responses 
of "left " or "right" was obtained for each period. The mean 
value is the point of subjective equality . 
In the major experiment under binocular conditions, . 
it was found that jud~aents of distance are a function of the 
physical distance and the brightness of the light source. 
Psychophysical functions were obtained be tween percent fre -
quency of "nearer" responses to the VLS and distance for the 
five brightness ratios. The five functions were distributed 
in this order along the distance scale: 1:6.25, 1:2.5, 1:1 , 
2.5:1 and 6.25:1. It was shown that systematic changes in 
br:Lghtness affect the position of the curves on the distance 
dimension. Stimulus-stimulus functions were derived from the 
psychophysical curves for three values of response frequency 
(25%, 50% and 75%) . It was found that the distance of the VLS 
was an increasing function of the logarithm of the brightness 
ratios at a constant response frequency. On the basis of these 
results it was concluded that a brighter object farther away 
is equivalent to a dimmer object that is nearer. Under monocular 
conditions , the subjects were not able to _ ake systematic distance 
judgments when brightness was held constant . However, it was 
found that when the VLS was brighter than the SLS the subject 
tended to say "nearer 11 irrespective of its distance from the SLS. 
Conversely, when the VLS was din~er, the subject said that it 
was nfarther'. On the basis of these results, it was concluded 
that brightness systematics.lly influences judg,ments of distance 
under monocular conditions. A comparison of the results under 
binocular and monocular conditions , when distance is held constant, 
showed that the percent frequency of "nearer" responses is an 
increasing function of the logarithm of the brightness r atios. 
In the minor experiment, it was found that the relation-
ship between brightness ratios and distance judgments, demon-
strated in the major experiment, was shown to operate at all 
three absolute brightness levels. Similarly the stimulus-stimulus 
functions showed that the average distance at the point of sub-
jective equality was an increasing function of the logarithm 
of the brightness ratios . There was no systematic relationship 
between the points of subjective equality and the absolute level 
of brightness . 
A comparison of the stimulus-stimulus functions of both 
experiments showed a similar flattening effect at some of the 
brightness ratios. The major difference between the subjects 
was that the subjects in the minor experiment were more influenced 
by the brightness factor . It was suggested that the extent of 
brightness on distance jud6m ents is a fm1ction of the psycho-
physical method used. Finally, for all subjects differences in 
ocular dominance were related to the observed biases in the 
functions obtained . 
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